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Abstract
Background: The coronary sinus (CS) was, for 10 years, the standard place for permanent
atrial pacing, and the antiarrhythmic properties of CS pacing were described by Moss in the
early 70’s. These observations were confirmed during EP studies, although currently perma-
nent CS pacing is infrequently applied. Signal averaged (SA) P wave analysis has established
values for the examination of EP properties of atrial myocardium. The aim of our study was to
estimate the effect of CS pacing on the signal-averaged P wave recorded from external and
intraatrial leads.
Methods: Recordings were performed in 24 patients during biatrial pacing system implanta-
tion. A surface SA-ECG was obtained from orthogonal leads, and intraatrial signals were
recorded and processed separately from the right and left atrium at SR and CS pacing. We
analyzed standard SA-ECG parameters (P/A wave duration, RMS20 and LAS5) and the
presence of atrial late potentials (ALP-Pdur > 125 ms and RMS20 < 2.40 mV).
Results and conclusions: Coronary sinus pacing favourably modifies SA P wave param-
eters of the left atrium; it significantly shortens Pdur, distinctly increases RMS20, decreases
LAS5 and eliminates ALP in most patients in comparison to SR. It indicates beneficial effects
of CS pacing on left atrial excitation and may explain its antiarrhythmic effect. Coronary
sinus pacing does not deteriorate right atrium activation; it even slightly increases RMS20
and shortens the duration of LAS5 in RA in comparison to SR. Our findings suggest that CS
is still an attractive site for permanent atrial pacing in patients with atrial arrhythmias and
atrial conduction disturbances. (Cardiol J 2007; 14: 470–481)
Key words: signal-averaged ECG, coronary sinus pacing, intraatrial signal, atrial
late potentials, atrial fibrillation
Introduction
The coronary sinus (CS) was the first perma-
nent atrial pacing site in the late 60’s and at the
beginning of the 70’s [1–4] although a few years
later the right atrial appendage (RAA) became the
standard location [5, 6]. In that pioneering era of
atrial pacing several important clinical and electrophys-
iological observations were underestimated [1–4].
Moss et al. described the shortening of the A-V
conduction by CS pacing [1–3]. When Greenberg
et al. [4] confirmed the phenomenon several years
later he additionally suggested that: “in some
patients with intermittent atrial fibrillation CS pac-
ing can provide an atrial impulse that minimizes
the tendency to return atrial fibrillation”. Another
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important, but forgotten, observation by Greenberg [4]
was that “failure to sense atrial electrogram was not
significant in our series (...) we did not find an in-
creased incidence of supraventricular tachycardia in
five patients with failure to sense the atrium”.
Permanent RAA pacing together with ongoing
antiarrhythmic therapy can suppress arrhythmia in
most patients with brady-tachycardia syndrome [6, 7]
although in some patients this mode of pacing may
be unsuccessful or even proarrhythmic [1, 8–10].
A better recognition of interatrial conduction dis-
turbances as the substrate for atrial arrhythmias
[11, 12] lead to the idea of atrial resynchronization
[13, 14]. It was proved that in patients with conduc-
tion disturbances within the atria the phenomenon
is increased by RA pacing, which is reflected by
prolonged P wave duration in comparison to SR [15,
16]. To restore the synchrony of atrial activation,
Daubert [17] proposed biatrial, and Saksena [14]
dual-site, right atrial pacing. In the following years
Sopher et al. [18] and Spencer et al. [19] demon-
strated the resynchronizing effect of Bachmann’s
bundle pacing. Padeletti [20] achieved outstanding
antiarrhythmic effect by infero-posterior interatri-
al septum lead location combined with consistent
atrial pacing algorithm.
In 1996 we analyzed the data from our first 20
patients with permanent CS pacing, demonstrating
that bipolar (BP) CS pacing produced significantly
shorter P wave compared to unipolar (UP) pacing
(117 vs. 138 ms), with different morphology [21, 22].
Our further studies [23] confirmed this observation
and supported our hypothesis that high-energy, bi-
polar mid-CS pacing results in atrial resynchroni-
zation [24, 25]. In the following studies we demon-
strated the beneficial influence of CS pacing on sig-
nal-averaged (SA) ECG parameters (P wave
duration, RMS20 and LAS5) in comparison to SA
and RAA pacing [26, 27]. Even though CS is today
an accepted alternative atrial pacing site, its appli-
cation is generally limited to cases of technical prob-
lems with RA lead location [28, 29], or as part of
a biatrial pacing system; the electrophysiological and
antiarrhythmic aspects of CS pacing [15, 16, 30–41]
are barely considered.
The key role of the conduction disorders with-
in the right atrium in the perpetuation of atrial ar-
rhythmias is widely accepted [11, 12, 15, 16]. Re-
cently we demonstrated the usefulness of intraa-
trial signals processed with a standard (external)
SA-ECG technique for the evaluation of atrial po-
tential [42, 43]. The described method allows the
assessment of the additional 15–20 ms of atrial ac-
tivation omitted in external SA-ECG, allowing the
possibility to obtain comprehensive data concern-
ing the effects of atrial pacing [44].
The aim of the study was to estimate the elec-
trophysiological effects of CS pacing upon conduc-
tion disturbances within the atria and the homoge-
neity of atrial depolarization assessed by the SA-
ECG technique in external and intraatrial leads.
We assumed that CS pacing, due to inverted
direction of atrial activation, should have an influence
upon interatrial conduction disturbances; the assess-
ment of homogeneity of right atrial potential during
CS pacing seemed to be particularly interesting.
Methods
Patients
The study was conducted on a group of 24 pa-
tients (15 female, 9 male, mean age 68.8 ± 9.97
years) eligible for permanent biatrial pacing. Sev-
en patients (29.2%) presented sporadic AF, 8 pa-
tients (33.3%) recurrent AF and 9 patients (37.5%)
frequent AF (according to the Kingma and Suttorp
paradigm [45]). Due to the high arrhythmia burden,
the ongoing medication was not modified — discon-
tinuation of treatment could provoke AF episodes,
thus impeding the measurement of pacing and sens-
ing conditions. During the pacemaker implantation
procedures 5 patients were treated with 1 drug (ami-
odarone or propafenone), 8 were on 2 drugs (propaf-
enone and sotalol/amiodarone) and 11 patients (46%)
had no ongoing antiarrhythmic medication.
Procedures
The following measurements were taken at
sinus rhythm and CS pacing: 1) 12-lead ECG with
100 mm/s speed 80 mm/1 mV gain; 2) IEGM record-
ing from RAA and CS, simultaneously with ECG
lead II; 3) SA-ECG recording from external orthog-
onal leads; 4) SA-IEGM recording from the right
and left atrium separately. Intraatrial signals were
obtained with standard bipolar pacing leads intro-
duced during the pacemaker implantation proce-
dure, subsequently employed for permanent pacing.
External SA-ECG recording and processing
  Equipment constructed in the National Insti-
tute of Cardiology (Warsaw) was applied for signal
recording and processing. It consisted of a micro-
potential amplifier (noise < 1.5 µV in 0.1–300 Hz
bandwidth, CMRR > 130 Db), 12-bit A/D convert-
er, 486 CPU PC and software designed for signal-
averaging process and subsequent analysis of data.
Standard Ag/AgCl electrodes were applied on
cleansed chest skin. The P wave was derived from
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Figure 2. The internal electrogram (IEGM) was recor-
ded from the right atrial appendage (RAA) and corona-
ry sinus (CS) leads connected to a dual-chamber pace-
maker via telemetry.
three bipolar orthogonal (Frank) leads. Signals
(from each lead) were amplified (× 1000), passed
through a band-pass filter (cut-off frequency 0.1–
–300 Hz) and digitized by an A/D converter with
a 12-beat accuracy. The signal-averaging process
was triggered by the R wave at sinus rhythm and
the pacing spike at CS pacing. Ectopic beats, if
present, were identified and rejected. Approximate-
ly 50 beats were averaged and stored on PC HD.
The procedure was described before [27].
High-gain SA-ECG P wave parameter
time-domain analysis
The first stage was to combine filtered (But-
terworth bidirectional filter) and averaged signals
from three leads (X, Y and Z) to a spatial vector
magnitude (X2 =Y2 + Z2)1/2. The onset and offset of
P wave were defined as the point at which the atrial
signal exceeded and returned to the 1.5 µV level,
respectively. The following parameters were meas-
ured and calculated automatically: 1) filtered P wave
duration (Pdur); 2) root mean square voltage of the
final 20 ms of filtered P wave (RMS20); 3) duration
of low amplitude signal < 5 µV (LAS5). Atrial late
potentials (ALP) were considered positive with
Pdur > 125 ms and RMS20 < 2.4 µV [27].
Intracardiac SA-IEGM recording
and processing
Three bipolar pacing leads were used: a stand-
ard “J” shaped lead implanted into the right atrial
appendage (RAA), and the second lead was intro-
duced into CS. The third lead (for permanent ven-
tricular pacing) was temporarily placed in the LRA
position. The same, described above, equipment
was employed for signal recording and processing.
To obtain right- and left atrial signals intracardiac
leads were attached to the micro-potential amplifi-
er via sterile connectors and cables according to
scheme on Figure 1. Right atrial electrogram was
recorded from three combined intraatrial leads X’
Y’ Z’ and left atrial electrogram — from leads X’’
Y’’ Z’’. The signal from each lead was augmented
and filtered in the same mode as during external
signal recording. The averaging process was trig-
gered and obtained parameters analyzed in the same
way as the external SA-ECG. The employed tech-
nique was described before [42–44, 51].
Interatrial conduction evaluation
with IEGM recordings
The internal electrogram (IEGM) was record-
ed from RAA and CS leads connected to a dual-
chamber pacemaker via telemetry (Fig. 2), simul-
taneously with lead II ECG. The following tim-
ing parameters were determined: 1) P wave
duration in lead II or III in high resolution ECG
(PII); 2) interatrial conduction time (IACT) meas-
ured from the onset of A wave in RAA signal to
the onset of A wave in CS signal; 3) total atrial
activation time (TAAT) measured from the onset
of P wave in lead II ECG to the end of atrial acti-
vation in CS signal (Fig. 3).
Statistical analysis
The results are presented as mean ± standard
deviation. Statistical significance of differences of
mean values between the groups was evaluated by
LSD test. Statistical significance of differences be-
tween the groups was evaluated by Student’s t-test.
Correlation for parametric values was estimated
using Pearson’s r-test. A P level of < 0.05 was ac-
cepted as statistically significant.
Figure 1. The scheme presents the connections of in-
tracardiac leads to obtain right atrial (X’Y’Z’) and left
atrial (X’’Y’’Z’’) signals.
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Bioethical Committee approval
The study was accepted by the Bioethical Com-
mittee at the Medical University of Lublin (approval
no KE-0254/70/2003).
Results
The results are presented in Table 1.
The average P wave duration was 158 ms at
SR and 152 ms at CS pacing. There was a change in
atrial activation, assessed by interatrial conduction
time (104 vs. 115 ms), with no apparent change in
TAAT (182 vs. 179 ms), SA-ECG P wave duration
(156 vs. 161 ms) or SA-IEGM A wave duration in
RA (175 vs. 183 ms). There was, however, a signif-
icant shortening of SA-IEGM A wave duration in the
left atrium (175 ms vs. 143 ms) at CS pacing. There
was no clear influence of this pacing mode upon the
RMS20 and LAS5 values. Table 2 demonstrates the
statistical evaluation of the above data.
Coronary sinus pacing had no significant influ-
ence upon the analyzed parameters except the SA-
IEGM A wave duration, which was radically short-
er (–32 ms) at CS pacing. Although the differences
in RMS20 values were not significant, they tended
to be higher for CS pacing in external (+1.1 mV)
and internal leads in the right (+0.5 mV) and left
(+0.4 mV) atrium. The LAS5 values were slightly
shorter in external and left-atrial leads at CS pac-
ing. The results suggest that CS pacing has no neg-
ative influence on atrial activation synchrony, which
is consistent with clinical observations (Fig. 4).
The conduction of atrial activation and the ho-
mogeneity of its last part can be illustrated by three
basic SA-ECG parameters: the P wave duration
(Pdur), the root mean square voltage of the final 20
ms of P wave (RMS20) and the duration of low
amplitude signal < 5 µV (LAS5). Short Pdur and
LAS5, with high RMS20, characterize the homoge-
nous atrial activation [24–29]. The coincident ab-
normal values of Pdur and RMS20 lead to detection
of the atrial late potentials (ALP) — a widely ac-
cepted predictor of atrial arrhythmias. Table 3
presents the rate of ALP criteria occurrence in the
external and intraatrial leads at SR and CS pacing.
ALP criteria were present in 79% of patients
in external SA-ECG and in 96% and 86% of patients
in RA and LA SA-IEGM, respectively. CS pacing
drastically reduced the occurrence of ALP criteria
in left atrial leads, which confirms that although CS
pacing does not prolong the atrial potential it still
fails to restore the homogeneity of activation in the
right atrium in patients with interatrial conduction
disturbances.
Recently we described the possibility of record-
ing signal-averaged intracardiac electrograms (SA-
IEGM) separately from the right and left atrium with
the use of standard signal-averaging equipment de-
signed to perform external SA-ECG analysis [42–44].
The described technique allowed us to record an
additional 20 ms of atrial activation, omitted in ex-
ternal SA-ECG, confirming its value as a diagnos-
tic and scientific tool. We observed less homoge-
nous extinction of atrial activation in the right atri-
um in the group of patients with recurrent atrial
arrhythmias [42]. Therefore, the next step was to
compare the SA-ECG/IEGM parameters from ex-
ternal and intraatrial leads during CS pacing. The
differences between parameters obtained from the
Figure 3. Signal-averaged electrogram obtained from
external and intraatrial leads in the same patient.
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external and (separately) intraatrial leads are illus-
trated in Table 4.
The RAA paced SA atrial potential recorded
from right-atrial leads was significantly longer (ap-
prox. 20 ms) than the external SA P wave recorded
from Frank’s leads. There was a significant differ-
ence between SA-IEGM A wave duration recorded
from the right and left atria, which seems to be
Table 1. Results. Values of atrial conduction parameters and high gain  SA P and A wave time domain
during sinus rhythm (SR) and coronary sinus pacing (CSP).
Parameters Sinus rhythm Coronary sinus pacing
N Aver. Median Min. Max. SD N Aver. Median Min. Max. SD
High res. ECG 24 157.7 159.0 125.0 199.0 15.9 24 151.7 145.0 118.0 227.0 25.7
IACT (IEGM) 24 103.7 99.5 55.0 148.0 22.6 24 114.7 108.5 72.0 200.0 32.8
TAAT (IEGM) 24 181.5 182.0 144.0 225.0 22.4 24 179.2 181.0 108.0 260.0 35.7
Ext. SA ECG Pdur 24 156.2 155.4 119.3 186.8 16.8 24 160.7 156.7 112.0 243.4 32.0
Ext. SA ECG RMS20 20 2.17 1.96 1.09 3.69 0.76 24 2.15 2.12 0.83 3.94 0.85
Ext. SA ECG LAS5 24 6.68 5.50 0.00 26.70 7.48 24 10.21 8.65 0.00 31.40 8.02
Int. RA SA Adur 24 174.7 168.8 144.4 224.5 24.1 24 183.3 179.2 136.0 244.9 29.7
Int. RA SA RMS20 23 1.76 1.69 0.75 3.46 0.72 16 1.95 1.82 1.04 3.20 0.69
Int. RA SA LAS5 23 12.90 11.00 0.00 33.00 7.91 16 10.36 9.45 3.10 20.10 4.94
Int. LA SA Adur 23 175.3 169.6 138.2 237.1 26.6 24 143.5 139.9 108.3 204.1 26.1
Int. LA SA RMS20 15 2.33 1.78 0.98 4.81 1.19 22 4.35 2.82 1.36 17.67 4.03
Int. LA SA LAS5 15 9.0 9.40 0.00 18.80 6.17 21 6.36 6.30 0.00 14.10 4.08
Table 2. Interatrial conduction and high gain SA P and A wave parameters during sinus rhythm (SR)
and coronary sinus pacing (CSP). Comparison and statistical evaluation.
Parameters Rhythm N Aver. SE p
P duration High res. ECG SR 24 157.7 3.26
0.133
CSP 24 151.7 5.24
TAAT (IEGM) SR 24 181.5 4.58
0.671
CSP 24 181.5 4.58
SA Pdur Ext. leads SR 24 156.2 3.44
0.370
CSP 24 160.7 6.54
RMS20 Ext. leads SR 20 2.17 0.17
0.635
CSP 20 2.28 0.19
LAS5 Ext. leads SR 24 6.68 1.53
0.135
CSP 24 10.21 1.64
SA Adur Int. RA leads SR 24 174.8 4.92
0.103
CSP 24 183.3 6.06
RMS20 Int. RA leads SR 16 1.48 0.11
0.094
CSP 16 1.95 0.17
LAS5 Int. RA leads SR 16 15.42 1.92
0.199
CSP 16 10.36 1.23
SA Adur Int. LA leads SR 23 175.3 5.56
0.000
CSP 23 142.9 5.53
RMS20 Int. LA leads SR 12 2.09 0.27
0.201
CSP 12 2.51 0.21
LAS5 Int. LA leads SR 12 9.82 1.61
0.683
CSP 12 8.37 1.01
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a specific effect of CS pacing (the depolarization
wave spreads through the posterior atrial wall). The
RMS20 values were significantly higher in LA SA-
IEGM compared to RA and external leads; the
LASA5 values were significantly lower in LA com-
pared to external leads. This may suggest more ho-
mogenous termination of atrial activation in the left
atrium; on the other hand it confirms the limitations
of external SA-ECG.
There was a strong correlation (r = 0.83) be-
tween CS-paced P wave duration in external and
right-atrial leads; however, the latter was 22 ms
shorter (Table 5). Interestingly, there was no cor-
relation between the duration of right- and left-atrial
signal-averaged potential.
There were no correlations between RMS20
values in external and intraatrial leads, as illustrat-
ed in Table 6.
There was a correlation between LAS5 val-
ues in external and right-atrial leads (r = 0.6), as
well as between right- and left atrial leads (r = 0.5)
(Table 7).
Figure 4. Signal-averaged electrogram obtained from external and intraatrial leads during sinus rhythm and coronary
sinus pacing.
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Discussion
In our previous study, the electrophysiological
effects of CS pacing (evaluated by the IEGM ob-
tained via pacemaker telemetry) were dependent
upon the pacing configuration (unipolar/bipolar) and
its energy. Unipolar CS pacing increased the asyn-
chrony of atrial activation in comparison to sinus
rhythm: A-V conduction was prolonged by 17 ms,
P wave duration by 9 ms and IACT by 47 ms, with
no apparent change in TAAT. Bipolar CS pacing has
no influence on AV conduction or P wave duration
although it slightly shortened the TAAT value [21, 23].
The most essential observation was the clinical
antiarrhythmic effect of this pacing mode compared
to RAA pacing [24, 25]. Those results confirmed
previous observations by Moss [1–3], Greenberg [4]
and ECG morphology analysis carried out by Man
[30]. He reported a shorter P wave with prominent
negative phase when he paced proximal CS with
high amplitude, in comparison with low-energy dis-
tal CS pacing. We explained the described “resyn-
chronizing” effect of high-energy bipolar CS pacing
by the phenomenon of dual-site pacing (additional
anodal pacing from the ring of the lead in contact
with the coronary sinus wall). The histological ex-
aminations demonstrated that the muscular sleeve
surrounding the proximal section of coronary sinus
consists of mixed muscular fibres coming from the
left atrium, inferior part of the right atrium and in-
teratrial septum [46, 47, 52].
The electrophysiological studies also help to
explain the antiarrhythmic effect of CS pacing. In
1975 Leon [32] confirmed the observations pub-
lished by Moss, that the mid CS pacing is conduct-
ed faster to the His bundle in comparison to HRA
pacing (93 vs. 139 ms). Gitanidou et al. [33] demon-
strated that pacing at HRA results in prolonged in-
teratrial conduction compared to CS pacing; more-
over, it promotes AF induction. Permanent CS pac-
ing reduced the coupling window for AF induction
by right-atrial extrastimuli, as demonstrated by Hill
[31]. Papageorgiu et al. [34, 35] emphasized the an-
tiarrhythmic effect of permanent preexcitation of
the triangle of Koch by CS pacing, which blocked
AF induction by HRA extrastimuli in his study. In
1997 Yu [36] proved that premature extrastimuli
from HRA produced a markedly prolonged atrial
potential recorded from infero-posterior interatrial
septum during HRA pacing in comparison to CS
pacing, which prevented AF induction [37]. Com-
parable results were published by Ng et al. [38].
Wood et al. [39] demonstrated (on isolated rabbit
hearts) that left atrial pacing decreased the disper-
sion of atrial repolarization; the normalization of
effective atrial refractory period by CS pacing in
Table 3. Presence of ALP criteria during sinus
rhythm (SR) and coronary sinus pacing (CSP) in
conventional and intraatrial SA ECG/IEGM.
Rhythm Leads Ext. Int. RA Int. LA
SR ALP 19/24 23/24 19/22
Yes  79.2%  95.8%  86.4%
ALP 5/24 1/24 3/22
No  20.8%  4.2%  14.6%
Lack* 0/24 0/24 2/24
0%  0%  8.3%
CSP ALP 21/24 22/24 9/24
Yes  87.5%  91.7%  37.5%
ALP 3/24 2/24 15/24
No  12.5%  8.3%  62.5%
Lack* 0/24 0/24 0/24
0% 0% 0%
*Impossible for evaluation (terminal part of A wave cancelled in
V wave)
Table 4. The comparison of right atrial appendage (RAA) paced atrial potential duration and its RMS20
and LAS5 in recordings obtained from external (Frank’s) and intraatrial leads.
Examined N Leads Average SE Analysis of                      LSD test
parameters variance Groups Compa Aver. SD of p
-rison  diff. diff.
SA ECG/IEGM 24 Extern. 160.7 6.54 F = 1032.8 1 1 vs. 2 –22.6 5.6 0.000
P&A wave duration 24 Int. RA 183.3 6.06 P = 0.000 2 1 vs. 3 17.2 5.6 0.003
24 Int. LA 143.5 5.33 3 2 vs. 3 39.8 5.6 0.000
SA ECG/IEGM 16 Extern. 2.09 0.23 F = 56.115 1 1 vs. 2 0.14 0.6 0.814
P&A RMS20 16 Int. RA 1.95 0.17 P = 0.000 2 1 vs. 3 –1.5 0.6 0.016
16 Int. LA 3.58 0.78 3 2 vs. 3 –1.6 0.6 0.009
SA ECG/IEGM 16 Extern. 12.16 2.12 F = 68.610 1 1 vs. 2 1.8 1.7 0.291
P&A LAS5 16 Int. RA 10.36 1.23 P = 0.000 2 1 vs. 3 5.2 1.7 0.004
16 Int. LA 6.96 1.00 3 2 vs. 3 3.4 1.7 0.051
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patients with recurrent AF was demonstrated by
Ishimatsu et al. [40]. Conversely, in the paper pub-
lished by Gilligan et al. [41], CS pacing shortened
the P wave duration only in healthy individuals but
not in patients with recurrent atrial arrhythmias.
In the spotlight of the presented literature [1–4,
30–39] and our own experience we postulated the
broad use of permanent CS pacing in patients with
brady-tachycardia syndrome [24, 25]. We continued
the studies on the electrophysiological effects of this
pacing mode with the use of signal-averaged ECG
technique [26, 27]. We demonstrated that although
unipolar mid CS pacing does not change significant-
ly the signal-averaged P wave duration (in compari-
son to sinus rhythm), it significantly decreases
P wave dispersion (22 vs. 15 ms), increases RMS20
value (2.1 vs. 2.3 ms) and modifies (91% vs. 73%) ALP
occurrence [26]. In the next study we demonstrated
that CS pacing significantly shortens signal-averaged
P wave duration, increases RMS20 value (2.0 vs.
2.3 ms), shortens LAS5 (15 vs. 10 ms) and reduces
(75% vs. 50%) ALP occurrence in comparison to RAA
pacing [27]. There was no possibility to assess the
effect of bipolar CS pacing since the study was
Table 5. Examination of mutual correlations between high gain SA  P duration obtained from external
(conventional) leads and A duration measured from RA and LA intraatrial recordings during coronary
sinus pacing (CSP).
Variables (x, y) during CSP N Average SD r (X, Y)* t p
Ext. SA Pdur
24
160.7 32.0
0.84 7.253 0.000
Int. SA RA Adur 183.3 29.7
Ext. SA Pdur
24
160.7 32.0
0.48 2.593 0.016
Int. SA LA Adur 143.5 26.1
Int. SA RA Adur
24
183.3 29.7
0.34 1.679 0.107
Int. SA LA Adur 143.5 26.1
*Pearson’s r test
Table 6. Examination of mutual correlations between high gain  SA P RMS20 obtained from external
(conventional)  leads and A duration measured from RA and LA intraatrial recordings during coronary
sinus pacing (CSP).
Variables (x, y) during CSP N Average SD r (X, Y)* t p
Ext. RMS20
16
2.09 0.91
0.62 2.954 0.010
Int. RA RMS20 1.95 0.69
Ext. RMS20
22
2.19 0.87
0.40 1.936 0.078
Int. LA RMS20 4.35 4.03
Int. RA RMS20
16
1.95 0.69
0.38 1.555 0.142
Int. LA RMS20 3.58 3.11
*Pearson’s r test
Table 7. Examination of mutual correlations between SA P LAS5 obtained from external (conventional)
leads and A duration measured from RA and LA intraatrial recordings during coronary sinus pacing (CSP).
Variables (x, y) during CSP N Average SD r (X, Y)* t p
Ext. LAS5
16
12.16 8.48
0.61 2.877 0.012
Int. RA LAS5 10.36 4.94
Ext. LAS5
21
10.54 8.24
0.32 1.474 0.157
Int. LA LAS5 6.35 4.09
Int. RA LAS5
16
10.36 4.94
0.56 2.527 0.024
Int. LA LAS5 6.96 4.02
*Pearson’s r test
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performed in a group of patients implanted with bia-
trial pacing systems based on “Y” connectors [48].
The present study, derived from intraatrial av-
eraged signal analysis, demonstrated that CS pacing
did not change, in comparison to the sinus rhythm,
the parameters (PII, TAAT, external and right-atrial
P/A wave), reflecting the duration of atrial activation,
except the SA-IEGM A wave in left atrium, which was
significantly shorter. CS pacing increased (but not sig-
nificantly) the RMS20 both in external and intraatrial
leads and to some extent decreased LAS5 values in
intraatrial leads, which may confirm its favourable
effect on the homogeneity of atrial activation. More-
over, CS pacing reduced the occurrence of ALP cri-
teria in left-atrial leads with no apparent change in
right-atrial and external leads. There was a significant
difference between SA-IEGM A wave duration and its
RMS20 values recorded from the right and left atria,
which seems to be a specific effect of CS pacing: in-
creased homogeneity of activation in left atrium with
little influence on the right atrium.
There are a few published papers concerning
the application of time- or frequency-domain analysis
of SA-ECG parameters for the evaluation of different
atrial pacing modes [49, 50], none of them concentrat-
ing on the effects of CS pacing. Keane et al. [49] ana-
lyzed signal-averaged P wave time- and frequency-
domain parameters at sinus rhythm and RAA pacing,
which caused prolongation of the SA P wave duration
with no significant differences in the RMS20. Yama-
da et al. [50] published the results of RAA and Bach-
mann’s bundle (BB) pacing, assessed with the use of
SA-ECG time-domain parameters. In his study BB
pacing reduced (in comparison to SR) SA P wave du-
ration and increased RMS20; RAA pacing prolonged
the SA P wave, with no influence on RMS20 — the
authors emphasized the arrhythmogenic effect of RAA
pacing. The presented literature and our data advo-
cate the choice of an alternative atrial pacing site in
patients with interatrial conduction disturbances and
recurrent atrial arrhythmias — coronary sinus pac-
ing may be a reasonable choice [53].
Limitations of the study
The signal-averaging process was triggered by
the R wave since P wave synchronization was in-
adequate in patients with fragmented low-amplitude
P wave, frequently observed in the studied group.
The applied “left atrial” lead system is not purely
left atrial — introduction of multipolar catheter to the
left atrium via transseptal approach and selection
of three bipolar leads would be a better option. It is
a routine procedure in pulmonary vein ectopy map-
ping and ablation but not during pacemaker implan-
tation. In the study group there were no indications
for left heart catheterization; therefore, we applied
a pacing electrode introduced to the coronary sinus
connected to the tip and ring of the electrode placed
in the low right atrium. Consequently, in the “left
atrial” leads, the activation of the lower part of the
right atrium was additionally recorded. Since the
final part of the left atrial excitation has superior
importance, we consider this solution satisfactory.
The study was performed in the selected group of
patients with recurrent atrial arrhythmia and con-
siderable conduction disturbances within the atria;
thus, our conclusions must not be applied to the
general population of patients with paroxysmal atrial
fibrillation.
Conclusions
1. Coronary sinus pacing, in comparison to the
sinus rhythm, does not change significantly the
P wave duration, TAAT, SA-ECG Pdur or SA-
IEGM RA Adur (except for significant short-
ening of the LA Adur), leading to a general as-
sumption that CS pacing does not prolong the
atrial activation.
2. Coronary sinus pacing increases (not signifi-
cantly) the RMS20, both in external and intraa-
trial leads, and to some extent decreases LAS5
values in intraatrial leads, which suggests that
this pacing mode does not increase the asyn-
chrony of atrial activation in comparison to the
sinus rhythm, which corresponds with the ob-
served clinical antiarrhythmic effect.
3. Coronary sinus pacing reduced the occurrence
of ALP criteria in left-atrial leads, with no evi-
dent change in right-atrial and external leads,
which confirms that although CS pacing does
not prolong the atrial activation, it fails to elim-
inate the right-atrial ALP criteria in patients
with interatrial conduction disturbances and
recurrent atrial arrhythmias.
4. The duration of SA-IEGM A wave recorded
from the right atrium was significantly longer
in comparison to the external leads. Moreover,
there was a significant difference between SA-
IEGM A wave duration recorded from the right
and left atria, which seems to be a specific ef-
fect of CS pacing.
5. The CS-paced RMS20 values were significantly
higher in LA SA-IEGM in comparison to RA
and external leads, which suggests less homog-
enous termination of atrial activation in the
right atrium; then again, it confirms the limi-
tations of external SA-ECG.
479
Andrzej Kutarski et al., Coronary sinus pacing
www.cardiologyjournal.org
References
1. Kramer DH, Moss AJ. Permanent pervenous atrial
pacing from the coronary vein. Circulation, 1970; 42:
427–436.
2. Moss AJ, Rivers RJ, Kramer DH. Permanent per-
venous atrial pacing from the coronary vein. Long-
-term follow-up. Circulation, 1974; 49: 222–225.
3. Moss AJ, Rivers RJ. Atrial pacing from the coronary
vein. Ten-year experience in 50 patients with im-
planted pervenous pacemakers. Circulation, 1978;
57: 103–106.
4. Greenberg P, Castellanet M, Messenger J, Myrvin HE.
Coronary sinus pacing. Clinical follow-up. Circula-
tion, 1978; 57: 98–103.
5. Smyth NP, Keshishian JM, Bacos JM. Permanent
pervenous atrial pacing. J Electrocardiol, 1971;
4: 299–306.
6. Hayes DL. Prevention of permanent and paroxysmal
atrial tachyarrhythmias with permanent cardiac pac-
ing: the role of pacing mode. In: Daubert C, Prys-
tovsky E, Ripart A eds. Prevention of tachyarrhyth-
mias with cardiac pacing. Futura Publishing Compa-
ny Inc., Armonk, New York 1997: 67–85.
7. Slade AKB, Murgatroyd FD, Ricard Ph, Levy S,
Camm J. Pacemakers and implantable defibrillators
in atrial fibrillation. In: Falk RH, Podrid PJ eds. Atrial
fibrillation. Mechanisms and Management. Lipnicott-
Raven Publishers, Philadelphia-New York 1997:
439–463.
8. Seidl K, Hauer B, Shwick N, Büchele T, Senges J.
Is the site of atrial lead implantation in dual chamber
pacing of importance for preventing atrial fibrillation?
The hidden benefits of lead implantation in the right
atrial appendix. Am Coll Cardiol, 1995 (special is-
sue): 912–945 (abstract).
9. Folino AF, Buja G, Dal Corso L, Nava A. Incidence of
atrial fibrillation in patients with different mode of
pacing. Long term follow-up. PACE, 1997; 20 II: 1544
(abstract).
10. Moracchini P, Tesorieri MC, Giuliani M, Melandri F,
Zennaro GR. Atrial fibrillation incidence in patients
with VDD single-lead and DDD pacing system.
PACE, 1997; 20 II: 1549 (abstract).
11. Centurion OA, Isomoto S, Fukatani M et al. Rela-
tionship between atrial conduction defects and frac-
tionated atrial endocardial electrograms in patients
with sick sinus syndrome. PACE, 1993; 16: 2022–
–2033.
12. Daubert C, Leclercq Ch, Pavin D, Mabo Ph. Biatrial
synchronous pacing: A new approach to prevent ar-
rhythmias in patients with atrial conduction block.
In: Daubert C, Prystowsky E, Ripart A eds. Preven-
tion of tachyarrhythmias with cardiac pacing. Futura
Publishing Company Inc., Armonk, New York 1997:
99–119.
13. Saksena S, Prakash A, Hill M, Krol R, Munsif AN,
Mathew PP. Prevention of recurrent atrial fibrilla-
tion with chronic dual-site right atrial pacing. J Am
Coll Cardiol, 1996; 28: 687–694.
14. Delfaut P, Saksena S, Prakash A, Krol RB. Long-
-term outcome of patients with drug-refractory atrial
flutter and fibrillation after single and dual-site atrial
pacing for arrhythmia prevention. J Am Coll Cardiol,
1998; 32: 1900–1908.
15. Niwano S, Yamaura M, Washizuka T et al. Comparison
of arrhythmogenicity of atrial pacing at several right
atrial pacing sites: evaluation of canine atrial electro-
grams during atrial pacing and arrhythmogenicity for
atrial fibrillation. PACE, 1998; 21: 1918–1926.
16. Papageorgiou P, Monahan K, Boyle NG et al. Site-
dependent intra atrial conduction delay: relationship
to initiation of atrial fibrillation. Circulation, 1996;
94: 384–389.
17. Daubert C, Mabo Ph, Berder V, De Place Ch,
Kermarrec A, Paillard F. Simultaneous dual atrium
pacing in high degree interatrial blocks: hemodynam-
ic results. Circulation, 1991; 84: 1804 (abstract).
18. Sopher SM, Murgatroyd FD, Slade AKB, Ward DE,
Rowland E, Canun AJ. Dual site atrial pacing pro-
motes sinus rhythm in paroxysmal atrial fibrillation.
Circulation, 1995; 92: I–532.
19. Spencer WH, Zhu DWX, Markowitz T, Badruddin SM,
Zoghbi WA. Atrial septal pacing: a method for pacing
both atria simultaneously. PACE, 1997; 20: 2739–2745.
20. Padeletti L, Porciani MC, Michelucci A et al. The
septal atrial pacing. Proceedings of International
Meeting Atrial Fibrillation 2000. CEPI, Rome 1999:
113–115.
21. Kutarski A, Poleszak K, Koziara D, Oleszczak K.
Left atrial pacing- first experience and new insights.
Abstract from 1st International Congress Transmed-
iterranean Cardiostim; Rabat-Marocco 10–12 Febru-
ary 1997: 15 (abstract).
22. Kutarski A, Poleszak K, Koziara D. Left atrial pacing
— first experience and new insights. Cardiosti-
molazione, 1996; 14: 212 (abstract).
23. Kutarski A, Poleszak K, Koziara D, Oleszczak K.
Permanent coronary sinus pacing — UP and BP pac-
ing/sensing is not the same. In: Vardas PE ed.
Europace. Monduzzi Editore, Bologna, Italy 1997:
411–415.
24. Kutarski A, Poleszak K, Koziara D, Oleszczak K.
Coronary sinus BP permanent pacing — a simple atri-
al pacing mode for atrial resynchronization and pre-
vention of atrial arrhythmias? XIII World Congress of
Cardiology Rio De Janeiro (Brazil), 26–30 April 1998;
Monduzzi Editore, Bologna 1998: 367–371.
480
Cardiology Journal 2007, Vol. 14, No. 5
www.cardiologyjournal.org
25. Kutarski A, Oleszczak K, Wójcik M, Ruciński P. Re-
synchronizing and antiarrhythmic effect of high-en-
ergy bipolar coronary sinus pacing. Progr Biomed
Res, 2000; 5: 372–384.
26. Szczęśniak D, Kutarski A, Głowniak A. Right atrial
pacing and coronary sinus pacing — signal-averaged
P wave assessment. Cardiovascular Diseases 2002
2nd International Congress on Cardiovascular Diseas-
es Kosice (Slovakia), April 25–27, 2002. Monduzzi
S.p.A — MEDIMOND Inc, Bologna Italy 2002;
C 425C0064: 101–105.
27. Kutarski A, Wójcik M, Głowniak A, Sodolski T,
Widomska-Czekajska T. P wave signal averaged time
domain parameters and averaged P wave dispersion
during different atrial pacing modes in patients with
atrial arrhythmias. Herzschr Elektrophys, 2000; 11:
117–123.
28. Kutarski A, Oleszczak K, Poleszak K, Koziara D.
Coronary sinus. The second standard position for
permanent atrial pacing. In: Vardas PE ed. Eu-
ropace. Monduzzi Editore, Bologna, Italy 1997:
405–409.
29. Kutarski A, Schaldach M. Easy and safe permanent
left atrial pacing — challenge for the beginning of the
new century. In: Ovsyshcher IE ed. Cardiac arrhyth-
mias and device therapy: results and perspectives
for the new century. Futura Publishing Company
Inc., Armonk, New York 2000: 401–408.
30. Man KC, Chan KK, Kovac P et al. Spatial resolution
of atrial pace mapping as determined by unipolar atri-
al pacing at adjacent sites. Circulation, 1996; 94:
1357–1363.
31. Hill MRS, Mongeon LR, Mehera R. Prevention of
atrial fibrillation: dual site atrial pacing reduces the
coupling window of induction of atrial fibrillation.
PACE, 1996; 19: 630 (abstract).
32. Leon FA, Denes P, Wu D, Pietras RJ, Rosen KM.
Effect of atrial pacing site on atrial and atrioventricu-
lar nodal function. Br Heart J, 1975; 37: 576–582.
33. Gaitanidou S, Rokas S, Stamatelopoloulos S,
Kalpoyiannakis J, Papazoglou N. Relationship of the
stimulation site to intra-atrial conduction delay in atrial
fibrillation. Eur Heart J, 1996; 17: 481 (abstract).
34. Papageorgiou P, Monahan K, Boyle NG et al. Site-
dependent intra atrial conduction delay: relationship
to initiation of atrial fibrillation. Circulation, 1996;
94: 384–389.
35. Papageorgiou P, Anselme F, Kirchof CJ, Monahan K,
Rasmussen CAF. Coronary sinus pacing prevents in-
duction of atrial fibrillation. Circulation, 1997; 96:
1893–1898.
36. Yu W-C, Chen S-A, Tai C-T, Feng A-N, Chang M-S.
Effect of different atrial pacing modes on atrial elec-
trophysiology. Implicating the mechanism of biatrial
pacing in prevention of atrial arrhythmias. Circula-
tion, 1997; 96: 2992–2996.
37. Yu W-C, Chen S-A, Tai C-T, Tsai C-F, Ding Y-A,
Chang M-S. Is biatrial pacing the best mode in pre-
vention of atrial fibrillation? PACE, 1998; 21 II: 863
(abstract).
38. Ng KS, Ng WL, Chia BL. Comparative acute effica-
cy or dual site right atrial pacing versus biatrial
pacing versus lone coronary sinus pacing in pre-
vention of atrial fibrillation. PACE, 1999; 22: 14
(abstract).
39. Wood MA, Mangano RA, Schieken RM, Baumgarten CM,
Simpson PM, Ellenbogen KA. Modulation of atrial
repolarization by site of pacing in the isolated rabbit
heart. Circulation, 1996; 94: 1465–1470.
40. Ishimatsu T, Hayano M, Hirata T et al. Electrophysi-
ological properties of the left atrium evaluated by
coronary sinus pacing in patients with atrial fibrilla-
tion. PACE, 1999; 22: 1739–1746.
41. Gilligan DM, Fuller IA, Clemo HF, Shepard RK, Dan D,
Wood MA. The acute effects of biatrial pacing on
atrial depolarization and repolarization. PACE, 2000;
23: 1113–1120.
42. Kutarski A, Głowniak A, Szczęśniak D, Ruciński P.
Intracardiac signal averaged ECG for evaluation of
atrial late potentials. In: Tse H-F, Lee K-L, Lau C-P
eds. Clinical cardiac pacing and electophysiology.
Monduzzi Editore S.p.A — MEDIMOND Inc., Bolo-
gna, Italy 2003; D219C0467: 401–406.
43. Głowniak A, Kutarski A, Szczęśniak D, Ruciński P,
Widomska-Czekajska T. Does P-wave duration reflect
interatrial conduction disturbances? In: Tse H-F,
Lee K-L, Lau C-P eds. Clinical cardiac pacing and
electrophysiology. Monduzzi Editore S.p.A —
MEDIMOND Inc., Bologna, Italy 2003; D219C0468:
407–413.
44. Głowniak A, Kutarski A, Szczęśniak D, Ruciński P,
Widomska-Czekajska T. Change in surface and in-
traatrial signal-averaged P-wave during biatrial pac-
ing. In: Tse H-F, Lee K-L, Lau C-P eds. Clinical
cardiac pacing and electrophysiology. Monduzzi Edi-
tore S.p.A — MEDIMOND Inc., Bologna, Italy 2003;
D219C0469: 415–422.
45. Kingma JH, Suttorp MJ, Beukema WP. Management
of atrial fibrillation: from palliation to intervention.
In: Kingma JH, van Hemel NM, Lie KI eds. Atrial
fibrillation, a treatable disease? Kulver Academic
Publishers, Netherland 1992: 271–284.
46. Neuzner J, Wuster B, Pitschner HF, Bohle RM. Cor-
onary sinus- a site for chronic left atrial pacing? An
electrophysiological and anatomical study. Eur Heart J,
1999; 20: 5 (abstract).
47. Chauvin M, Marcellin L, Douchet MP, Quiring E, Ver-
dun A. Muscular connections between right and left atria
481
Andrzej Kutarski et al., Coronary sinus pacing
www.cardiologyjournal.org
in the coronary sinus region in humans: anatomo-path-
ologic observations. PACE, 1998; 21: 816 (abstract).
48. Kutarski A, Wójcik M, Ruciński P, Widomska-
-Czekajska T. Cathode or anode in coronary sinus
for split bipolar biatrial pacing? Progr Biomed Res,
2000; 5: 433–447.
49. Keane D, Stafford P, Baker S, Lewis S, Jackson G,
Vincent R. Signal-averaged Electrocardiography of
the sinus and paced P wave in sinus node disease.
PACE, 1995; 18: 1346–1353.
50. Yamada T, Fukunami M, Shimonagata T et al. Effect
of atrial septal pacing on P-wave duration dispersion
and atrial late potentials in patients with paroxysmal
atrial fibrillation. Am J Cardiol, 2001; 88: 795–798.
51. Głowniak A, Kutarski A, Szczęśniak D, Ruciński P.
Analysis of high gain signal-averaged P/A wave time
domain parameters recorded from external leads
(SA-ECG) and internal electrograms (SA-IEGM) re-
corded from three right- and left intraatrial leads.
Cardiol J, 2007; 14: 287–300.
52. Antz M, Otomo K, Arruda M et al. Electrical conduc-
tion between the right atrium and the left atrium via
the musculature of the coronary sinus. Circulation,
1998; 98: 1790–1795.
53. Mirza I, James S, Holt P. Permanent left atrial pac-
ing: a 2-year follow-up of coronary sinus leads.
PACE, 2004; 27: 314–317.
